ABSTRACT
Introduction
Several lactic acid bacteria (LAB) and particularly species belonging to the genus Enterococcus are known to produce and secrete into the medium bacteriocins. Usually they are small cationic peptide toxins with bactericid activity, in most cases against closely related species, which enable them to occupy their ecological recesses (1, 2) . Many of these are non-pathogen nutrient microorganisms which are interesting because they are capable to prevent spoilage of such foods as yogurts, cheeses, smoked sausages etc. Inhibition of pathogen microorganisms by bacteriocins is a natural process occurring during the "ecologically pure" production of many traditional Bulgarian foods. The focus here is put on a bacteriocin-like substance secreted by Enterococcus durum M-3, a strain isolated from the Bulgarian traditional yellow cheese "Kashkaval". 
Materials and Methods

Bacterial strains and media
All bacterial strains and their suppliers are enumerated in Table 1 .
All Enterococcus species and Lactobacillus delbrueckii B2 were grown on MRS broth or M17 broth, agar or liquid media (Merck KGaA, Scharlau Chemie S.A.). If it is not mentioned otherwise the incubation was performed at 30°C for 14-16 hours. Listeria innocua CIP 80.11T was grown on Elliker broth, liquid or agar (Scharlau Chemie S.A.) at 30°C for 44-48 hours. Staphylococcus aureus 209 was grown on LB broth, liquid or agar (Scharlau Chemie S.A.) at 37°C for 14-16 hours. Escherichia coli HB 101 was grown on LB broth, liquid (with agitation at 250 rpm) or agar (Scharlau Chemie S.A.) at 37°C for 14-16 hours. All media were prepared as described by the suppliers. Culture supernatant preparation Liquid cultures at the end of the exponential phase of growth were centrifuged in 50 ml tubes type "Falcon" at 4000 x g for 10 min to precipitate the cells. The supernatants from all tubes were collected to- gether and the pH were neutralized to 6,8-7,2 by the addition of 0,1 N NaOH. The neutralized culture supernatants were sterilized by filtration trough a 0,2 μm bacterial filter (Millipore Co) and divided into aliquots of 1,5 ml in Eppendorf tubes. Such prepared aliquots were used immediately or conserved at -20°C for several weeks. Bacteriocin activity assay A well diffusion assay procedure was used (3). Pre-cooled at 30°C 0,7% agar media were contaminated with the tested bacterial strains, laid on Petri dishes and allowed to solidify. After 20-30 min the desired number wells with diameter of 5 mm was made with a sterile hollow. Aliquots of 50 μl from each bacteriocin probe were placed into the wells of the plates seeded with the bioassay strain. After 12-18 hours of incubation at optimal for the tested strain temperature, clear zones of inhibition appeared where the strain was sensitive. Determination of the type of the bacteriocin-like substance The protein nature of the antibacterial agent in the producer strain cultures was demonstrated by treatment of 500 μl prepared culture supernatant with 25 μl proteinase K solution (20 mg/ml) for 2 hours at 37°C. The thermostability of the agent was checked by heating culture supernatants for 5 min and 10 min at 80°C, 100°C, and by autoclaving for 20 min. at 120°C.
Determination of duracin titer
The titers of the produced bacteriocin were quantified by two-fold serial dilutions of the supernatants probes or precipitates. Aliquots of 50 μl were placed in wells seeded with the bioassay strain (4). The antimicrobial activity was defined as the reciprocal of the highest dilution showing inhibition of the indicator lawn and was expressed in activity units per ml (AU/ml).
Crude duracin precipitation
Crude bacteriocin probes were prepared by salting out with ammonium sulfate (5).
Single colony of the producer strain was inoculated in 400 ml MRS broth and allowed to grow for 16 hours at 30°C. The cells were precipitated by centrifugation in 50 ml Falcon tubes for 10 min at 4000 x g, and the supernatant was filtrated trough 0,2 μm bacterial filter (Millipore Co). Ammonium sulfate was added to 90% saturation and stirred overnight at 5°C. The obtained total protein precipitate was centrifuged in 50 ml Falcon tubes for 90 min at 8000 rpm at 5°C. The pellets in all tubes were resuspended in 1,5 ml PBS pH 7,0, combined together and conserved at -20°C. The protein concentration was determined by the method of Bradford (6) in the modification of Sedmak and Grossberg (7). The precipitate was checked for bacteriocin activity by the well diffusion assay and the activity was determined by the serial dilutions methods in activity units per ml (AU/ml).
Determination of the inducibility of the duracin production
A series of ten-fold dilutions from 10 0 to 10 -13 in MRS broth were prepared from an overnight culture of the duracin producer strain Enterococcus durum M-3 and allowed to grow for 30 hours at 30°C. Than supernatants from all grown cultures were obtained and the bacteriocin activity was measured.
SDS-PAGE of the protein precipitates
Sodium dodecylsulfate polyacrylamide gel electrophoresis of the total protein precipitates was performed according to Laemmli (8) in Hoeffer MiniVE or LKB Bromma 2050 Midget electrophoresis units (Pharmacia Amersham Co) using 15% or 18% migrating gels and 3% stacking gels. After electrophoresis the gels were visualized either with Coomassie Brilliant Blue G250 (9) and/or silver staining (10) .
Growth curves and kinetics of duracin production
The growth characteristics of the producer strain Enterococcus durum M-3 were obtained by inoculating 100 μl of an overnight culture in 50 ml M-17 broth. The cultures were allowed to grow at 25°C, 30°C and 37°C. The OD 600 (optical density at 600 nm wavelength) of all cultures was measured every 2 hours till the 34 th hour. The kinetics of the bacteriocin production was obtained by the same way using 1% inoculum at 37°C for 26 hours. After each measurement of the OD 600 1 ml of a cell free culture supernatant was obtained by filtration and the bacteriocin activity was expressed in AU/ml.
Bacteriocin activity in polyacrylamide gels
A procedure for demonstration of bacteriocin activity in SDS-PAGE gels was developed and optimized including the following steps: 3 x washing for 15 min with 500 ml distilled water and gentle agitation of the gels (0,1 x 8 x 10 cm) for the removal of the SDS; draining off the gel on sterile filter paper for 2-3 seconds; placing the gel into a Petri dish with convenient diameter; overflowing the gel with precooled and contaminated with the sensitive microorganism 0,7% agar medium. After incubation at optimal for the sensitive strain conditions, clear areas appeared around the zones of migration of the bacteriocin during electrophoresis. Parallel lanes with MW markers and bacteriocin probes were cut off the gel before the procedure and stained for monitoring the migration and identifying of the bacteriocin bands.
Results and Discussion
Spectrum of activity of the bacteriocinlike substance duracin The antagonistic activity of the cell free supernatants from Enterococcus durum M-3 cultures was demonstrated for several bacterial strains ( Table 2 ). All sensitive strains were Gram-positive bacteria. It is interesting that it was higher for some other (Fig. 1) All discovered sensitive strains were Gram-positive.
Nature of bacteriocin-like substance
The strain specificity, the fact that the prepared culture supernatants were neutralized, as well the observation that even the non-neutralized supernatants had a slightly acid pH ranging from 5 to 5,5 suggested that the toxicity is not due to some low molecular weight organic or inorganic compounds. That's why the hypothesis of bacteriocin-like substance with protein or peptide nature remained as most plausible. It was further confirmed by proteinase K treatment which led to a loss of activity (Fig. 2a) . It was also demonstrated that the putative bacteriocin agent we named duracin was thermostable because the activity was conserved after heat treatment at 100°C for 10 min. (Fig 2b) , and even after autoclaving at 120°C for 20 min. (Fig 2c) . In order to further investigate the duraicin molecule, an ammonium sulfate precipitation of the cell free culture supernatants from the producer strain was performed. The bacteriocin titer in the cell free culture supernatant was determined to be 40 AU/ml, while in the total protein precipitate it was 1280 AU/ml, meaning that a 32 fold concentration of the duracin was achieved. Characteristic of the producer strain and kinetics of the duracin production The producer strain was obtained from the National Bank for Industrial Microorganisms and Cell Cultures (NBIMCC) and designed as Enterococcus durum M-3. The growth characteristics of the producer strain are shown at Fig. 3 at three different temperatures: 25°C, 30°C and 37°C. As it can be seen the strain growths well at all the three temperatures, the fastest growth was observed at 37°C.
The phase of maximal duracin production was determined to be the second half of the exponential growth (Fig. 4, Table 3 ), an observation shown to be typical for other c Fig. 4 . Kinetics of duracin production during the growth of the producer strain Enterococcus durum M-3. The bacteriocin titer is expressed in serial dilutions activity units per milliliter. bacteriocin producing Enterococcus strains (11) . The activity regresses with the progression of the culture in the stationary phase. An adsorption of the peptides to the producer cells was proposed as a general explanation of this observation.
Inducibility of duracin synthesis
The results from the experiments on the inducibility are shown in Table 4 . The highest dilution of the starter culture with growth within the 24 hours was 10 -9 . The bacteriocin titer was determined in all grown cultures at the 48 hour, and it was shown that it was significant for all of them. As we did not observe lack of bacte- riocin production in the highest dilution(s), the hypothesis for a non-inducible production was stated. Although the plausibility of the non-inducible production cannot be 100 %, because of the differences in the activity in the highest and lowest 10-fold dilution of the starter culture. This finding might suggest however some atypical quorum sensing mechanism.
Electrophoretical experiments and gel overlay technique of bacteriocin activity determination
The results from the SDS-PAGE under non-reducing conditions are shown on Fig.  5a (silver stained) and on the left panel of Fig. 5c (stained with Coomassie Brilliant Blue G-250). As it can be seen silver staining is much more sensitive but less specific for the protein compounds of the total protein precipitates of the cell free culture supernatants (because of the interference of non-peptide compounds present in the broth), and only one distinct band, corresponding to the putative duracin, can be distinguished. Coomasie staining is more specific for proteins (many distinctive bands appeared on the gel) but less sensitive, and the band corresponding to the putative duracin was less sharpened. Although there was an apparent coincidence of the migration of the band we supposed it to be the duracin and the clear area of inhibition of the gel overlaid with the sensitive strain (Fig. 5c) . The whole gel overlaid with agar contaminated with Enterococcus faecium 7T is shown in Fig 5b. Similar agar overlay results were obtained with Listeria and Staphylococcus. Even though the approximate molecular weight couldn't be determined, it should be very low because the migration is much longer than that of the lysozyme (14,400 Da), just behind the electrophoretical front.
Conclusions
All data obtained show that the inhibitor substance secreted by Enterococcus durum M-3 has a peptide nature, i.e. it is a bacteriocin with a broad spectrum of activity not only against closely related species but also against other Gram-positive bacteria. This is the first bacteriocin discovered to be produced to by Enterococcus durum so far. Preliminary data show that its secretion is not inducible. A 32-fold concentration of the bacteriocin was achieved with ammonium sulfate precipitation.
As the duracin possess a relatively broad spectrum of inhibitor activity, and because the producer strain was isolated from an yellow cheese, it might be of some practical interest as a potential food preservative. Further detailed investigations on its nature should be completed on biochemical and genetic level. The stained lanes were cut from the same gel that was overlaid with the sensitive to the duracin strain.
